The inhibitory activity of Coptis chinensis rhizomederived material was evaluated against sortase, a bacterial surface protein anchoring transpeptidase, from Staphylococcus aureus ATCC 6538p and compared to that of four commercially available isoquinoline alkaloids. The biologically active constituent of C. chinensis extract was characterized as the isoquinoline alkaloid, berberine chloride, by spectral analysis. The isolate was a potent inhibitor of sortase, with an IC 50 value of 8.7 g/ml and had antibacterial activity against Gram-positive bacteria with a minimum inhibitory concentration (MIC) in the range of 50-400 g/ml.
Sortase participates in the pathways involved in secretion and anchoring of cell wall proteins, by a mechanism conserved in almost the entire class of the Gram-positive bacteria. 1) Sortase is a 206-amino acid protein with a potential amino-terminal signal peptide that may act as a membrane anchor. The conserved Cys 184 is considered critical for catalysis, since the enzyme is sensitive to agents that modify SH groups. 2, 3) Up to date, few inhibitors of this enzyme have been reported, may be due to the fact that the target has only recently been purified and demonstrated as critically important for the life cycle of Gram-positive bacteria. 4) During the course of our research to find potential agents to treat Gram-positive bacteria using an in vitro sortase assay system, 5) methanol extract from the rhizomes of Coptis chinensis showed significant inhibitory activity. Here we describe the isolation, structure elucidation, and biological activity of the active substance.
Coptis chinensis Franch (Ranunculaceae) were obtained as a commercially available product from Kyoung-dong market in Seoul, Korea. A voucher specimen (NPRI 2003618 ) is maintained at the Natural Products Resource Depository of our institute. Powdered rhizomes were extracted three times with MeOH for 3 days at room temperature, and filtered (Toyo filter paper no. 2). The BuOH extracts (18.4 g), which were active in the sortase inhibition assay, were prepared according to the modified Kupchan scheme 6) and put through opencolumn chromatography over silica gel (Merck 70-230 mesh, 600 g, 5 mm i.d. Â 70 cm) and eluted with chloroform/methanol (5:1). Chromatographic fractions were pooled depending on their sortase inhibitory activities. From the bioassay-guided TLC spot analysis, the active substance showed a yellow spot on TLC developed by benzene/ethyl acetate/n-propanol/methanol/ethylamine (8:4:2:1:1). The active spot was colored orangered when reacted with the Dragendorff reagent, suggesting that the chemical substance was alkaloid. The active fraction (3.6 g) was then put through open-column chromatography over silica gel with n-propanol/formic acid/water (90:1:9). The active fraction (200 mg) was dissolved in water, and precipitates were obtained from the aqueous solution by adding 1 N HCl to pH 5.0. The precipitates were collected by filtration and crystallized from methanol (yielded 93 mg). The R f value of the purified compound was 0.43 in benzene/ethyl acetate/npropanol/methanol/ethylamine (8:4:2:1:1).
1 H and 13 C NMR spectra were recorded with a Bruker AM-500 spectrometer. UV spectra were obtained on a Waters 490 spectrometer, IR spectra on a Bio-Rad FT-80 spectrophotometer, and mass spectra on a JEOL JMS-DX 30 spectrometer. Structural analysis of the isolate was done by spectroscopic methods including MS and NMR and by direct comparison with an authentic reference compound (berberine chloride; 
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Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan), and it was characterized as the isoquinoline alkaloid berberine chloride ( Fig. 1) . The 1 H and 13 C NMR spectra of berberine chloride were found to be the same as those for berberine chloride isolated from C. chinensis rhizomes. [7] [8] [9] [10] [11] [12] [13] The sortase inhibitory activity was assayed based on the previously described procedure 5) with the following modification. Berberine sulfate (ICN Biomedicals Inc., Asse, Belgium), palmatine chloride (Aldrich Chemical Co., Milwaukee, WI), and -hydrastine (Sigma Chemical Co.) were used as received. Each of the test samples was dissolved in dimethyl sulfoxide (DMSO) and diluted with sterilized distilled water before use, which was found to have no effect on the enzyme activity at less than 1%. Three hundred microliters of reaction mixture (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 5 mM CaCl 2 , 0.75 g synthetic peptide substrate Dabcyl-QALPETGEE-Edans, and 55 g recombinant sortase) were added to each well of a 96-well microtiter plate containing the prescribed concentration of test sample (final 0.5% DMSO). Appropriate blanks contained all of the above-mentioned compounds except a test sample. After incubation at 37 C for 1 h, the increase in fluorescence intensity was recorded by a fluorescence spectrophotometer (SpectraMAX Gemini XS, Molecular Devices Co., Sunnyvale, CA) using 350 nm for excitation and 495 nm for recordings. p-Hydroxymecuribenzoic acid (pHMB, Sigma Chemical Co., St. Louis, MO), a known sortase inhibitor, was used as a positive control.
2) The sortase inhibitory activity of the isolated compound was investigated and compared to that of commercially available isoquinoline alkaloids berberine sulfate, palmatine chloride, and -hydrastine (Table 1) . Inhibitory responses varied with the compounds tested. At 80 g/ml, three compounds, but not -hydrastine, showed significant inhibition (84-100%) of sortase. The IC 50 values of berberine chloride, berberine sulfate, and palmatine chloride were 8.7, 11.5, and 12.7 g/ml, respectively, which were approximately 3.2-4.7 times more potent than the positive control, pHMB. It is reported that pHMB is a potent sulfhydryl-reacting reagent and inhibits various enzyme activities such as cholesterol ester hydrolase, pretyrosine dehydrogenase, and flavoreductase. [14] [15] [16] These results indicate that berberine is a possible candidate for the development of a bacterial sortase inhibitor.
The effects of isoquinoline alkaloids on the bacterial growth were determined by a two-fold microtiter broth dilution method 17) against Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 10031, Proteus vulgaris ATCC 3851, Salmonella typhimurium ATCC 14028, Bacillus subtilis ATCC 6633, Micrococcus luteus ATCC 9341, Staphylococcus aureus ATCC 6538p, and Staphylococcus epidermidis ATCC 12228. Stock cultures of these were routinely stored in m-plate count (MPC) broth (Difco Lab., Detroit, MI) at À80 C, and when required were subcultured on MPC broth. Bacteria were grown overnight in MPC broth, harvested, and washed twice with sterile distilled water. Two hundred microliters of MPC broth containing about 10 5 CFU/ml of test bacteria were added to each well of a 96-well microtiter plate containing the prescribed concentrations of test compound (final 0.5% DMSO). The minimum inhibitory concentration (MIC) was defined as the concentration of an antimicrobial that a IC 50 value represents concentration (g/ml) giving 50% inhibition relative to the negative control (final 0.5% DMSO). pHMB, p-hydroxymecuribenzoic acid.
completely inhibited cell growth during a 24-h incubation at 37 C. Growth was assayed with a microtiter plate reader (Spectramax PLUS384; Molecular Devices) by monitoring the absorption at 660 nm. All experiments were done in triplicate, and repeated three times. The MIC values of four compounds measured by the broth microdilution method are detailed in Table 2 . The isolated berberine chloride showed a moderate antibacterial activity between 50-400 g/ml against Grampositive bacteria. Interestingly, also the berberine sulfate showed antibacterial activity in the same concentration range. Conversely, none of the tested substances showed activity against Gram-negative strains, there being MICs for these strains greater than 400 g/ml.
Recently, Schneewind and colleagues have brought to light definitive evidence that S. aureus mutants lacking sortase fail to process and display surface proteins and are defective in the establishment of infections.
3) They also reported that sortase inhibitors should act as antiinfective agents and disrupt the pathogenesis of bacterial infections without affecting microbial viability. In contrast, the results of our work indicate that isoquinoline alkaloids are active against bacterial sortase as well as cell viability of Gram-positive bacteria. Isoquinoline alkaloids have been found mainly in some species of Magnoliaceae, Papaveraceae, Rutaceae, and Ranunculaceae. 12) For several extracts of these species, traditionally used for antibacterial activity, berberine is considered the principal contributor to the abovementioned activity. 18) Berberine is an amphipathic cation that resembles quaternary ammonium antiseptics in its chemical properties. It has been reported that the likely targets of berberine are the cytoplasmic membrane and DNA, into which it intercalates. 19) Currently we cannot fully understand this result, and are not in a position to elucidate the sortase inhibitory activity-MIC spectrum relationship of isoquinoline alkaloids. Further studies on the growth of the sortase inhibitory activity of berberine on bacteria seem desirable.
In summary, we isolated a sortase inhibitory constituent from the rhizomes of Coptis chinensis by a bioassay-guided fractionation procedure and characterized this isolate as the isoquinoline alkaloid, berberine chloride, by spectral analysis. Based upon our limited data and some earlier findings, the inhibitory action of C. chinensis rhizome-derived isoquinoline alkaloid confirms its potential utility as a sortase inhibitor and antiinfective agent, although its use in vivo and clinical efficacies remain to be evaluated. Information from the isoquinoline alkaloids will be used to modify and expand these templates to build specificity in order to generate new and more effective inhibitors of bacterial sortase. 
